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How financial strain affects health: evidence from the
Dutch National Bank Household Survey
Abstract
The mechanisms by which financial strain affects health are not well understood. In
this paper, we conduct a longitudinal mediation analysis of the Dutch National Bank5
Household Survey. To quantify the relative importance of biological and nonbiological
pathways from financial strain to health, we consider smoking, heavy drinking and
being overweight as plausible behavioural responses to financial strain but find that
only 4.9% of the response of self-reported health to financial strain is mediated by
these behaviours. Further analysis indicates that although financial strain increases10
impulsivity this has little effect on unhealthy behaviours. Economic stresses therefore
appear to be distinct from other forms of stress in the relatively minor influence of
nonbiological pathways to ill-health.
Keywords : financial strain, health.
1. Introduction
After the 2008 recession and subsequent sovereign debt crisis, almost half of Europeans stated
that unemployment was the most important issue facing their country and, in 2013, 41% said
they had difficulties paying bills at least some of the time (Eurobarometer, 2015). Financial
worries not only negatively affect mental health but also worsen self-reported health, worsen5
health satisfaction and increase physical impairment and the recent financial crisis has been
associated with a decline in health status at national level.
In this paper, we conduct a longitudinal mediation analysis of the Dutch National Bank
Household Survey to better understand the causal pathways from financial strain to poor
health. We first test for the degree to which the effects of financial strain on health are10
mediated through changes in health behaviours as opposed to direct effects on biological
processes. We then analyse the links between financial strain, present-biases and changes in
health behaviours in order to understand the lack of behavioural response to strain in our
data given the extensive literature indicating the significance of this pathway.
Stress has been implicated as a risk factor in cardiovascular disease (Richardson et al.,15
2012), the progression of HIV/AIDS (Remor et al., 2007), wound healing response (Broad-
bent et al., 2012), upper respiratory infections (Pedersen et al., 2010) and autoimmune
diseases (Porcelli et al., 2016). Stress may directly interfere with the regulation of immune
and inflammatory processes. Release of cortisol and catecholamines in response to stress-
ful events can interfere with control of physiological processes such as anti-inflammatory20
responses; metabolism of carbohydrates, fats and proteins and gluconeogenesis as well as
the regulation of cardiovascular, pulmonary, hepatic, skeletal muscle and immune systems
resulting in increased disease risk (Cohen et al., 2007).
Stress is also associated with unhealthy behaviours such as snacking, smoking, drinking
and substance use (Gerber and Pühse, 2009). Changes in time preferences could plausibly25
mediate this pathway as individuals become more present-biased when stressed (Haushofer
et al., 2015) and higher rates of intertemporal discounting are associated with cigarette
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smoking (Adams, 2009), frequent alcohol consumption (MacKillop and Kahler, 2009), illicit
drug use (Coffey et al., 2003), lack of physical exercise (Leonard et al., 2013) and health
outcomes such as obesity (Ikeda et al., 2016) and mortality (Boyle et al., 2013).
Although these studies have made the association between financial difficulties and both
biological and non-biological pathways to illness no study to date has quantified the relative5
importance of each of these pathways. This is critical for identifying interventions to mitigate
the health consequences of economic downturns as well as austerity programmes. Also, this
literature has indicated that both impulsivity and stress are risk factors for negative health
behaviours but there has been little work on understanding the causal mechanism from stress
to time discounting to worse health-related behaviour especially for economic stresses. This10
study aims to fill these gaps by testing for the degree to which the effects of financial strain
on health are mediated through changes in health behaviours and then analysing the links
between financial strain, present-biases and changes in health behaviours in order to better
understand the behavioural response to financial strain. We use the Dutch National Bank
Household Survey (DNB) which provides us with a large nationally-representative sample15
of over 40000 observations over a twenty-year period covering the years before and after the
financial crisis.
This paper makes the following original contributions. First, we estimate the degree to
which the response of health to financial strain is mediated by changes in health behaviours.
Although many studies examine the behavioural sequelae of financial strain none quantify20
the relative importance of this pathway for health. We consider smoking, heavy drinking
and being overweight as plausible behavioural responses to financial strain but find that
only 4.9% of the response of self-reported health to financial strain is mediated by these
behaviours. Second, we then examine the pathway from financial strain to changes in health
behaviours to understand the lack of behavioural response. The DNB dataset is unique in25
that it collects individual time preference data annually permitting the analysis of variation
in time preferences in response to fluctuating levels of financial strain. Using a number
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of different time preference measures, we find evidence that financial strain causes greater
impulsivity but this does not lead to worse health behaviours. In this regard, economic
stresses appear to be distinct from other forms of stress. Our third contribution is that we
address methodological concerns in the literature linking stress and illness. Many studies
do not clearly establish evidence for a causal relationship from stress to health (Berkman5
et al., 2014). Using longitudinal data in our study, we test for a temporal ordering that
indicates causation from stress to health in our structural model. To avoid concerns about
unmeasured confounders driving the relationship between financial strain and ill-health, we
use prior levels of the dependent variable in models of all the key variables (Cole and Maxwell,
2003) .10
The paper is structured as follows. Section 2 details the data and statistical methods.
Section 3 presents the results. In Section 4, we discuss our findings with reference to the
literature and implications for policymakers.
2. Methods
In this paper, we use the Dutch National Bank Household survey which contains a large15
number of questions about the respondent’s financial situation, financial attitudes and health
and these questions are generally consistent over a long period of time. A measure of financial
strain is constructed using two questions on the household’s financial situation. A number
of variables used elsewhere in the literature provide us with measures of time preferences.
The health measures cover self-reported health, height and weight measurements as well as20
indicators of health behaviours including smoking and alcohol consumption. An extensive
set of household characteristics allow us to control for many social and demographic factors.
The longtitudinal survey design allows us to test for mediation effects using the temporal
ordering of the variables to account for potential reverse causation. Allowing for multiple
mediators, we consider the causal relationship from financial strain to health and also the25
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causal relationship from financial strain to changes in health behaviours. These relationships
are then estimated over a twenty-year period. The literature on the health consequences
of stress would indicate that economic stressors should also impact negatively on health
and this effect will be mediated through both nonbiological pathways captured by health
behaviours and biological pathways indicated by the non-mediated direct effects. For the5
mediation analysis of the causal relationship between financial strain and health behaviours,
the literature reviewed above would indicate a strong effect largely mediated by changes in
time preferences.
The following sections describe the data source, variables used, variables constructed and
the statistical methods used in the analysis.10
2.1. Data
DNB is a panel survey that has been active since 1993. The survey, collected by Cen-
tER (Tilburg University, the Netherlands) gathers information annually from approximately
2000 households in separate questionnaires on general information, household and work, ac-
commodation and mortgages, health and income, assets and liabilities and economic and15
psychological concepts. The survey is unique in that it contains repeated measures of time
preferences in a nationally-representative sample. The household characteristics of partici-
pants are stored in a database while the household remains part of the panel and therefore
this information is largely complete for all respondents. This study uses all waves of data
from years 1996 to 2015 as data relevant to our models were particularly sparse in the earliest20
years of the survey.
The analysis of causal pathways requires repeated measures for individuals and, hence,
individuals who did not participate in three consecutive waves of the survey were excluded
from the dataset (34945 observations) leaving a dataset of 43858 observations for individuals
in participating households aged 16 or over.25
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2.2. Measurement
Health measures
Our smoking variable is constructed from responses to the question ‘Do you smoke
cigarettes at all ?’ A response of ‘no’ was coded as zero in our variable, ‘yes, every now
and then’ and ‘yes, every day’ were coded one. Responses to the question ‘On average, do5
you have more than four alcoholic drinks a day?’ provide a dichotomous indicator of heavy
drinking (Popova et al., 2007). Body mass index was calculated from self-reported responses
to questions on height and weight. Respondents with a BMI of over 25 kg/m2 were consid-
ered overweight. Our main measure of health is self-assessed health, which is derived from
the question ‘In general, would you say your health is?’ Answers are given according to a10
five-point ordinal response scale with categories ‘5-poor’, ‘4-not so good’, ‘3-fair’, ‘2-good’
and ‘1-excellent’. Self-assessed health has been proven to have value in predicting objective
health outcomes, morbidity and mortality (Idler and Benyamini, 1997; Franks et al., 2003).
Although, self-reported health assessments are principally assessments of the respondent’s
physical functioning they are also influenced by negative affective states but to a much lesser15
degree (Mavaddat et al., 2011). A binary variable was created which was one for those
reporting their general health as ‘excellent’ or ‘good’ and zero otherwise.
Time preferences
In the economics literature, time preferences are conventionally represented by time dis-
counting rates derived from experimental elicitation procedures ideally involving real mone-20
tary incentives (Frederick et al., 2002). In the absence of such time discounting data over the
duration of the period of interest, we used measures of time horizons, preference for spending
over saving, difficulty controlling expenditure and future orientation as proxy measures of
time preferences. We expect that financial strain increases time discounting leading to an
increased incidence of poor health-related behaviours.25
Time horizons have been used elsewhere as an index of time preferences in understanding
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saving (Lusardi, 1998; Samwick, 1998) as well as the demand for cancer screening (Picone
et al., 2004), adherence to physical activity advice (van der Pol et al., 2016) and smoking
(Peretti-Watel et al., 2013). In the DNB survey, respondents were asked ‘Which of the
time-horizons mentioned below is in your household most important with regard to planning
expenditures and savings?’. There were five possible responses of increasing duration to this
question : ‘the next couple of months’, ‘the next year’, ‘the next couple of years’, ‘the next5
5 to 10 years’ and ‘more than 10 years from now’. This variable was coded to make a higher
score correspond to shorter time horizons.
Our second measure is preference for spending in terms of discretionary income which
was used to measure delay of gratification in Ritzema (1992) and Webley and Nyhus (2006).
Respondents were asked how they spent money left over after having paid for food, rent and10
other necessities on a 7-point scale from ‘I like to spend all my money immediately’ to ‘I want
to save as much as possible’. This variable was coded to make a higher score correspond to
a greater preference for spending in terms of discretionary income.
The perceived difficulty of controlling expenditure was measured by the question “Many
people find it difficult to plan or control their expenditures. Do you find it difficult to15
control your expenditures?” Individuals respond by using a 7-point scale ranging from ‘1-
very easy’ to ‘7-very difficult’. This measure has been used elsewhere as a proxy for the rate
of time discounting (Borghans and Golsteyn, 2006) and is an established predictor of savings
behaviour (Nyhus, 2002). Rabinovich and Webley (2007) interpret the perceived difficulty
of controlling expenditure as a reflection of the general amount of self-control resources20
available to the respondent but also how effective these resources are in dealing with the
task of controlling expenditures.
The final measure is the Consideration of Future Consequences (CFC) scale, a psycho-
logical construct used to measure an individual’s future orientation (Strathman et al., 1994).
Respondents indicate to what extent they agree with the 11 statements on attitudes refer-25
ring to the trade-off between the present and the future using a 7-point scale (1-completely
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disagree; 7-completely agree). Other studies have used this measure as a proxy for time
discounting e.g. (Borghans and Golsteyn, 2006; van Huizen and Plantenga, 2013). When
constructing the CFC score, five of the eleven questions were recoded so that a higher score
consistently indicated a more present focus. Further detail is provided in the appendix.
These questions were not asked in 2008 and, from 2010, they were only asked of those not
asked in previous waves. The treatment of missing data is discussed below in section 2.3.5
Financial strain
Our measure of financial strain comes from two survey questions on the household’s
current financial situation. When asked ‘How well can you manage on the total income of
your household?’ respondents chose from five possible answers : ‘1-it is very hard’,‘2-it is
hard’, ‘3-it is neither hard nor easy’,‘4-it is easy’ and ‘5-it is very easy’. A second question10
asked ‘How is the financial situation of your household at the moment?’ with possible
responses: ‘1-there are debts’,‘2-need to draw upon savings’,‘3-it is just about manageable’,
‘4-some money is saved’ and ‘5-a lot of money can be saved’. A dichotomous financial strain
variable was constructed which was one if the response in either of these questions was 1 or
2 and zero otherwise.15
Covariates
A number of covariates were used as control variables. The respondent’s gender, highest
education level completed, whether they had a partner present in the household and whether
they lived in owner-occupied accommodation were represented by binary variables. The
twelve categories of response to primary occupation were reduced to a dichotomous indicator20
of whether employed or not to reduce the number of controls in the model. Age and the
number of children in the household entered the model as continuous variables. The survey
records net household income as a categorical variable. This was recoded taking the midpoint
of each category and upper (lower) interval boundaries for the lowest (highest) category. The
average net household income response within household was taken where responses differed25
7
or the response was missing.
2.3. Statistical analysis
Mediation analyses were carried out to first examine the degree to which the effect of
financial strain on ill-health is mediated by changes in health behaviours and secondly to
examine the degree to which the effect of financial strain on health behaviours is mediated5
by changes in time preferences.
The basic three wave model is represented in figure 1. The health outcome for person i at
time t (Yit) is affected by financial strain from two periods before (Si,t−2) both directly and
indirectly through changes in the mediator (Mi,t−1). Path ab represents the indirect effect
via the mediator while path c represents the direct effect from financial stress to the health10
outcome not via time discounting.
This part of the model is given in equation form below :
Mit−1 = δMMi,t−2 + βaSi,t−2 + γM
′
Xi,t−1 + Mi,t−1
Yit = δ
Y Yi,t−1 + βbMi,t−1 + βcSt−2 + γY
′
Xit + 
Y
it
The mediating variable Mi,t−1 depends on its own lag Mi,t−2 but is additionally affected
by financial strain in the previous period Sit−2 and a vector of demographic and household
characteristics Xi,t−1. In the first analysis of the effects of financial strain on ill-health, the
mediators are smoking, heavy drinking and being overweight while in the second analysis of15
the effects of financial strain on health behaviours the mediators are time horizons, spending
discretionary income, difficulty controlling expenditure and consideration of future conse-
quences . Health outcomes, Yit, are also autoregressive, affected by controls and also affected
by financial strain from two periods before Sit−2 both directly and indirectly through changes
in the mediator(s) in the previous period Mi,t−1. In the first analysis, the health outcome20
is self-reported health and in the second analyses the health outcomes are the health be-
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haviours smoking, heavy drinking and being overweight. Lagged dependent variables are
included to account for unmeasured and uncontrolled confounder variables that correlate
with the predictor variable in the previous period and cause the dependent variable in the
current period (Cole and Maxwell, 2003) and also allow modelling of longer-term effects of
financial strain.
Additionally, financial strain, Sit, is governed by a simple autoregressive model where5
the only explanatory variable is its own lag Si,t−1. The residual from this equation Sit and
the residuals from the equations above Mit and Yit are then allowed correlate to account for
contemporaneous changes in unmeasured variables that may be correlated across equations.
In the estimation that follows, the primary parameters of interest are the effect(s) of financial
strain on the mediator(s) βa, the effect(s) of the mediator(s) on health outcomes βb and the10
direct effect of financial strain on health outcomes βc.
We estimate this model on each triplet of three consecutive waves from 1996 (i.e. 1996,
1995 and 1994) to 2015 (i.e. 2015, 2014 and 2013) and constrain parameters to be equal
across all twenty triplets. In this way, intercepts and residual variances can vary across time.
Bivariate probit models are used in all cases except for time preferences where an ordered15
probit model was specified. The system was estimated using weighted least squares in Mplus
Version 7. Standard errors for the indirect effects were computed using the delta method
(Sobel, 1982).
The rate of missing observations is about 40% for the key variables as participants do
not necessarily respond to all questionnaires and to all questions within questionnaire. Mul-20
tiple imputation (MI) was used to account for both continuous and categorical missing data
under the assumption that the data are missing at random (MAR) conditional on observed
data. There are no clear limits to the rate of missing data for the purposes of MI (Gorelick,
2006; Marsiglia et al., 2010) and some studies suggest rates as high as 60% are acceptable
under the MAR assumption (Kristman et al., 2004). In MI, multiple datasets are generated25
with imputed values using a Markov Chain Monte Carlo simulation. Parameter estimates
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are then combined across these datasets with standard errors adjusted for variability due
to missing data (Rubin Donald, 1987; Schafer, 1997). MI suffers from less parameter es-
timate bias, provides superior statistical power and takes better account of missing data
sampling variability than casewise deletion or alternative missing data approaches (Sterne
et al., 2009; Janssen et al., 2010). Previously observed data on variables in the analysis
make the MAR assumption more realistic (Newsom et al., 2013) and were included along5
with current demographics in the imputation model. In order to yield sufficient statistical
power, fifty imputations were carried out (Graham et al., 2007; Enders, 2010). Feng et al.
(2013) provide an accessible overview of methodological approaches for dealing with missing
data in longitudinal studies.
Although the strength of our study design is that the temporal ordering of financial strain10
and health consequences in our model controls for potential reverse causation, the cross-wave
structure may not capture short-term periods of financial strain which can also impact on
health. This is a limitation of the data available to us.
3. Results
Descriptive statistics for the sample are given in table 1. Over the period 1996-2015, the15
percentage of adults reporting financial strain is 12.4% of the constructed dataset (or 20.9% of
responses). This figure is low by European standards especially post-crisis (Eurobarometer,
2015). Although the majority (77.9%) report excellent or good health, 23.3% smoke, 6.7% are
heavy drinkers and 50.5% are overweight. Over half the sample (54.5%) have time horizons
of a year or less, 10.6% like to spend all their disposable income immediately, 16.7% have20
difficulty controlling their expenditures and, on average, respondents show no preference
between distant and future consequences of potential behaviours (average = 4.1).
The results of the mediation analysis of the effects of financial strain on health two years
later mediated through changes in health behaviours are given in table 2. In panel A, higher
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levels of financial strain are seen to be a statistically significant predictor of a greater tendency25
for heavy drinking (β = 0.111). On the other hand, there is no clear relationship between
financial strain and a propensity for smoking (β = 0.026) or of being overweight (β = 0.044).
In panel B, the effects of these health behaviours on the probability of reporting good or
excellent health indicate that only smoking (β = −0.080) and being overweight (β = −0.034)
have a statistically significant negative effect on health. The direct effect of strain on the5
probability of self-reporting excellent or good health is relatively large (β = −0.091). As
a proportion of the overall effect of strain on health, the indirect effect of strain on health
mediated through these health behaviours is small at 4.9%, p=0.429 (i.e. I/(- 0.091 + I) =
0.049 where total indirect(I) = 0.026*(-0.080) + 0.111*(-0.012) + 0.044*(-0.034)=-0.005).
In table 3, we repeat the mediation analysis to examine to what degree the effects of10
financial strain on health behaviours are mediated through changes in time preferences.
The first set of results in panel A are estimates for the effect of strain on time preferences.
Financial strain is seen to have a statistically significant effect on three of the four time
preference measures used causing an increase in the rate of intertemporal discounting. The
strongest impact is on the perceived difficulty of controlling expenditure (β = 0.177) with a15
weaker effect on preference for spending disposable income (β = 0.066) and time horizons
(β = 0.045). These effect sizes are small when the scales of these measures are considered
(1-5 for time horizons and 1-7 for the other three time preferences measures). On the other
hand, there is no statistically significant effect on the consideration of future consequences
(β = −0.010). The next set of results in panel B estimates the effects of time preferences20
on health behaviours once again omitting estimates for covariates. For smoking, there is
no association between changes in time preferences and behaviours. A greater preference
for spending discretionary income is positively associated with heavy drinking but the small
coefficient means the indirect mediated effect from financial strain to heavy drinking is almost
trivial at 0.002 (0.066*0.037, p=0.047). The mediated effect of strain on being overweight25
through changes in difficulty controlling expenditure is statistically significant but also small
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at 0.007 (0.177*0.040, p=0.000). There is no significant direct effect of strain on smoking,
heavy drinking or being overweight.
4. Discussion
We first considered the response of self-reported health to financial strain and estimate5
the proportion of the response mediated by changes in health behaviours. Financial strain
has a significant and sizeable negative direct effect on self-reported health. This result is
noteworthy in itself as many studies relating financial difficulties and health do not clearly
establish the direction of causation and do not fully account for confounders (Berkman
et al., 2014). The indirect effects mediated through changes in health behaviours are small10
in comparison. Over the three-year timeframe considered the behavioural change pathway
only mediates 4.9% of the effect of financial strain on health indicating that the biological
pathway from financial strain to illness may be more significant than the influence of financial
strain on the regulation of health-related behaviours. Economic stresses therefore appear
to be distinct from other forms of stresses where negative associations with health-related15
behaviours have been extensively documented (Gerber and Pühse, 2009).
We find evidence that the lack of behavioural response to strain is due to higher intertem-
poral discounting having little effect on health behaviours. There is a significant increase
in three out of four time preference measures in our sample as a result of financial strain
particularly for difficulty controlling expenditure. This provides support to the view that20
the self-control required to regulate behaviours could be diminished by the mental effort
required in dealing with financial difficulties (Vohs, 2013). However, there is surprisingly
little response of health behaviours to changes in time preferences. None of the four time
preference measures are associated with smoking, while only spending discretionary income
significantly affects heavy drinking and only difficulty controlling expenditure affects being25
overweight. The overall response of health behaviour to financial strain mediated by time
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preferences is therefore very slight. This may be explained by the influence of the force
of present-biases increasing demand for each unhealthy consumption good (i.e. alcohol,
cigarettes and fast-food) being outweighed by the reduction in demand due to the lack of
disposable income available to the financially-strained (French and McKillop, 2016). In a
narrative review, Karanikolos et al. (2016) similarly find lower overall alcohol consumption
and improved diet as a result of the financial crisis in developed countries which they at-5
tribute to reductions in disposable income. It is also plausible that people might eat less as a
result of financial strain (e.g. because of stress and anxiety). Policy interventions suggested
elsewhere such as therapies to improve impulse control are therefore likely to have limited
efficacy in preventing illness for those with financial difficulties (Fields et al., 2014). There
is no additional direct effect of strain on health behaviours unrelated to time discounting. A10
direct effect might have been expected given studies indicating individuals dampen psycho-
logical arousal to stress by engaging in unhealthy behaviours(Kassel et al., 2003; Ensel and
Lin, 2004).
This study utilizes nationally-representative data which permits longitudinal analysis of
causation and thus addresses many of the methodological concerns pervasive in the litera-15
ture on economic stresses and health. There are however a number of limitations to any
conclusions that can be drawn from this work. A fairer test of the competing pathways
would include measures of the biological response to stress (e.g. inflammatory biomarkers,
levels of glucose control) in order to provide directly comparable estimates for biological and
behavioural pathways. Data on some health behaviours also associated with stress were not20
available and could provide additional explanatory power e.g. physical exercise, disturbed
sleep and poor adherence to medical regimens (Vedhara, 2005). Also, more nuanced ques-
tions on changes in health behaviours might show different results. The model considered
in the analysis examined effects of financial strain on health over a 3-year window but tak-
ing measures at annual intervals may miss much of the more immediate responses of health25
behaviours to strain thus misrepresenting effect sizes (Cole and Maxwell, 2003).
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5. Conclusion
In this paper, we conduct a longitudinal mediation analysis of the Dutch National Bank
Household Survey to examine the causal relationship from financial strain to health and the
degree to which this relationship is mediated through changes in health behaviours. Despite
evidence from a number of studies showing the association between stress and unhealthy be-
haviours, we find that only 4.9% of the response of self-reported health to financial strain is355
mediated by changes in smoking, heavy drinking and body mass. Economic stresses therefore
appear to be distinct from other forms of stress in the relatively minor influence of nonbio-
logical pathways to ill-health. We carry out a second mediation analysis to understand this
lack of behavioural response as other authors have linked stress to intertemporal discounting
and from intertemporal discounting to changes in health behaviours. We find evidence that360
financial strain causes greater impulsivity but this does not lead to worse health behaviours.
Our conjecture is that the financially-strained experience a reduction in disposable income
which lowers demand for unhealthy goods to a greater extent than the opposing increase in
present-biases raises demand for these goods.
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Appendix
The following questions were used to calculate the Consideration of Future Consequences
(CFC) scale. Questions 1,2,6,7 and 8 were recoded so that a higher score consistently indi-
cated a more present focus.
Now we present you with some statements about the future. Please indicate on a scale
from 1 to 7 to what extent you agree with the following statements. 1 means ‘extremely
uncharacteristic’ 7 means ‘extremely characteristic’
1. I think about how things can change in the future, and try to influence those things in
my everyday life.
2. I often work on things that will only pay off in a couple of years.
3. I am only concerned about the present, because I trust that things will work themselves
out in the future.
4. With everything I do, I am only concerned about the immediate consequences (say a
period of a couple of days or weeks).
5. Whether something is convenient for me or not, to a large extent determines the
decisions that I take or the actions that I undertake.
6. I am willing to sacrifice my well-being in the present to achieve certain goals in the
future.
7. I think it is important to take warnings about negative consequences of my acts seri-
ously, even if these negative consequences would only occur in the distant future.
8. I think it is more important to work on things that have important consequences in the
future, than to work on things that have immediate but less important consequences.
9. In general, I ignore warnings about future problems because I think these problems
will be solved before they get critical.
10. I think there is no need to sacrifice things now for problems that lie in the future,
because it will always be possible to solve these future problems later.
11. I only respond to urgent problems, trusting that problems that come up later can be
solved in a later stage.
Notes : A twelfth question added from 2004 was not included in the CFC scale. The wording was changed slightly in
2005 from 1 means ‘totally disagree’ 7 means ‘totally agree’ to 1 means ‘extremely uncharacteristic’ 7 means ‘extremely
characteristic’.
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Fig. 1: Three-wave autoregressive model of the effect of financial strain (Si,t−2) on health
outcome (Yi,t) mediated by changes in Mi,t−1
c
Notes : Financial strain, Sit, is governed by a simple autoregressive model where the only explanatory variable is its
own lag Si,t−1. The mediating variable, Mit, is also autoregressive but is additionally affected by demographic and
household controls and lagged financial strain Si,t−1. Health outcomes, Yit, are autoregressive, affected by controls
and also affected by financial strain from two periods before (Si,t−2) both directly and indirectly through changes in
the mediator Mi,t−1. Single-headed arrows at corners are variance terms. Double-headed arrows are covariance terms.
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Table 1: Descriptive statistics (N = 43858)
n % (% non-missing)
Financial strain
Yes 5445 12.4 (20.9)
No 20663 47.1 (79.1)
Missing 17750 40.5 -
Health
Excellent/Good 21535 49.1 (77.9)
Fair/Not so good/Poor 6124 14.0 (22.1)
Missing 16199 36.9 -
Smoking
Yes 6449 14.7 (23.3)
No 21210 48.4 (76.7)
Missing 16199 36.9 -
Heavy drinking
Yes 1866 4.3 (6.7)
No 25793 58.8 (93.3)
Missing 16199 36.9 -
Overweight
Yes 13972 31.9 (50.5)
No 13684 31.2 (49.5)
Missing 16202 36.9 -
Time horizons
>10 years 1123 2.6 (4.2)
5+ years 3311 7.5 (12.4)
Next couple of years 7734 17.6 (28.9)
Next year 6194 14.1 (23.1)
Next couple of months 8394 19.1 (31.4)
Missing 17102 38.1 -
Spending discretionary income
1=Save as much as possible 1919 4.4 (7.3)
2 6834 15.6 (25.9)
3 8682 19.8 (32.9)
4 6124 14.0 (23.2)
5 1752 4.0 (6.6)
6 798 1.8 (0.9)
7=Spend money immediately 242 0.6 (10.6)
Missing 17507 39.9 -
Difficulty controlling expenditure
1=Very easy 4809 11.0 (18.2)
2 8364 19.1 (31.6)
3 4509 10.3 (17.0)
4 4358 9.9 (16.5)
5 2920 6.7 (11.0)
6 1213 2.8 (4.6)
7=Very difficult 280 0.6 (1.1)
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Missing 17367 38.1 -
Consideration of future consequences
Mean and SD 4.1 0.7
Missing 26250 59.9
Sex
Male 22004 50.2
Female 21854 49.8
Highest level of education attended
Primary 24126 55.0 (55.2)
Secondary 15200 34.7 (34.8)
University 4372 10.0 (10.0)
Missing 160 0.4 -
Employed
Yes 21666 49.4 (49.4)
No 22177 50.6 (50.9)
Missing 15 0.0 -
Partner
Yes 36672 83.6 (83.6)
No 7184 16.4 (16.4)
Missing 2 0.0 -
No. of children
Mean and SD 0.9 1.1
Missing 2 0.0
Homeowner
Yes 14162 32.3 (70.9)
No 5822 13.3 (19.6)
Missing 23874 54.4 -
Age
Mean and SD 50.7 16.2
Missing 488 1.1
Annual household net income (e)
Mean and SD 36975 70206
Missing 23280 51.1
Notes : All observations for those persons aged 16 and over in households participating in three consecutive waves of
the CentERpanel. In 2002, the guilder was replaced by the euro at an exchange rate of 2.20371 guilders = 1 e. All
income values before 2003 are converted to e at this exchange rate.
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Table 2: Structural equation model estimates of the effects of financial strain on self-reported
health mediated by changes in health behaviours (n=43226)
Panel A : Effect of financial strain on mediators
Health behaviours at t-1
Smoking Heavy drinking Overweight
Financial strain at t-2 0.026 (0.050) 0.111* (0.051) 0.044 (0.036)
Control variables
Health behaviour at t-2 3.297** (0.042) 2.389* (0.045) 2.613** (0.030)
Age -0.005** (0.001) 0.003 (0.002) 0.005** (0.001)
Female -0.028 (0.033) -0.339** (0.038) -0.068** (0.023)
Education - secondary -0.138** (0.036) 0.000 (0.039) -0.098** (0.024)
Education - university -0.176** (0.060) 0.040 (0.059) -0.212** (0.041)
Employed 0.089* (0.037) 0.027 (0.039) 0.193** (0.029)
Has partner -0.103* (0.049) -0.073 (0.048) 0.014 (0.031)
No. of children 0.016 (0.016) -0.040* (0.019) -0.008 (0.012)
Income (log) -0.070 (0.043) 0.065 (0.043) 0.033 (0.032)
Homeowner -0.126* (0.052) 0.023 (0.048) -0.036 (0.033)
Panel B : Effect of mediators on health
Health at t
Health behaviours at t-1
Smoking -0.080** (0.019)
Heavy drinking -0.012 (0.033)
Overweight -0.034** (0.017)
Control variables
Health at t-1 1.819** (0.015)
Age 0.005** (0.001)
Female -0.147** (0.015)
Education - secondary 0.067** (0.016)
Education - university 0.133** (0.026)
Employed 0.130** (0.017)
Has partner -0.102** (0.022)
No. of children 0.004 (0.008)
Income (log) -0.070** (0.022)
Homeowner 0.046 (0.026)
Direct effect of strain at t-2 -0.091** (0.024)
Panel C : Autoregressive model of financial strain
Financial strain at t
Financial strain at t-1 1.148** (0.030)
Notes : The first row of estimates in Panel A corresponds to parameter a in figure 1 where there are three potential
mediators. In Panel B, the first three rows of estimates correspond to parameter b in figure 1 where there are three
potential mediators and the direct effect corresponds to parameter c. Residual covariances have been omitted. Full
results are available in online appendix. ∗ p < 0.05, ∗∗ p < 0.01
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Table 3: Structural equation model estimates of the effects of financial strain on health behaviours
mediated by changes in time preferences (n=43140)
Panel A : Effect of financial strain on mediators
Time preferences at t-1
Time horizons Spending Difficulty Consideration
discretionary controlling of future
income expenditure consequences
Financial strain at t-2 0.045* (0.021) 0.066** (0.022) 0.177** (0.020) -0.010 (0.015)
Control variables
Time preferences at t-2 0.374** (0.007) 0.535** (0.006) 0.454** (0.005) 0.504** (0.007)
Age -0.001 (0.001) -0.004** (0.001) -0.005** (0.001) 0.003** (0.000)
Female -0.007 (0.015) -0.030* (0.013) 0.052** (0.014) 0.032** (0.010)
Education - secondary -0.036* (0.015) 0.065** (0.015) -0.052** (0.017) -0.057** (0.010)
Education - university -0.050* (0.023) 0.003 (0.024) -0.055* (0.023) -0.177** (0.018)
Employed -0.099** (0.016) 0.020 (0.018) 0.037* (0.017) -0.019 (0.011)
Has partner -0.020 (0.020) 0.008 (0.019) 0.103** (0.020) 0.010 (0.013)
No. of children 0.007 (0.007) 0.006 (0.008) 0.046** (0.007) 0.001 (0.006)
Income (log) -0.062** (0.019) 0.020 (0.018) -0.072** (0.020) -0.018 (0.015)
Homeowner -0.136** (0.020) -0.048* (0.021) -0.045* (0.020) -0.047** (0.016)
Panel B : Effect of mediators on health behaviours
Health behaviour at t
Smoking Heavy drinking Overweight
Time preferences at t-1
Time horizons -0.016 (0.015) -0.001 (0.016) 0.002 (0.011)
Spending discretionary income 0.025 (0.015) 0.037* (0.015) 0.020 (0.011)
Difficulty controlling expenditure 0.000 (0.012) -0.004 (0.013) 0.040** (0.008)
Consideration of future consequences 0.020 (0.032) 0.039 (0.029) 0.011 (0.021)
Control variables
Health behaviour at t-1 3.320** (0.042) 2.464** (0.045) 2.615** (0.029)
Age -0.005** (0.001) 0.002 (0.002) 0.006** (0.001)
Female -0.035 (0.033) -0.328** (0.038) -0.065** (0.023)
Education - secondary -0.130** (0.036) -0.028 (0.038) -0.091** (0.024)
Education - university -0.145* (0.061) 0.005 (0.058) -0.196** (0.041)
Employed 0.071* (0.036) 0.046 (0.040) 0.175** (0.029)
Has partner -0.107* (0.049) -0.079 (0.049) 0.020 (0.031)
No. of children 0.014 (0.016) -0.045* (0.019) -0.013 (0.012)
Income (log) -0.069 (0.043) 0.057 (0.044) 0.035 (0.033)
Homeowner -0.118* (0.053) -0.009 (0.048) -0.016 (0.033)
Direct effect of strain at t-2 -0.008 (0.053) 0.000 (0.056) 0.047 (0.037)
Panel C : Autoregressive model of financial strain
Financial strain at t
Financial strain at t-1 1.099** (0.031)
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Notes : Panel A is re-estimated for each health behaviour but results are practically unchanged. The results given are
for the ’Overweight’ estimation. The first row of estimates in Panel A corresponds to parameter a in figure 1 where
there are four potential mediators. In Panel B, the first four rows of estimates correspond to parameter b in figure 1
where there are four potential mediators and the direct effect corresponds to parameter c. Residual covariances have
been omitted. Full results are available in online appendix. * p < 0.05, ** p < 0.01
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